Background--Although implantation of cardiac implantable electronic devices (CIEDs) in patients receiving warfarin is well studied, limited data are available on the use of oral factor Xa inhibitors in this setting.
A trial fibrillation (AF) is accompanied by significant morbidity and mortality and often complicates the management of other cardiovascular disorders. [1] [2] [3] [4] [5] Many patients with AF benefit from systemic anticoagulation therapy to reduce the risk of stroke. [6] [7] [8] [9] Warfarin has been studied in patients who undergo cardiac implantable electronic device (CIED) procedures [10] [11] [12] [13] ; however, there are limited data on the use and management of non-vitamin-K oral anticoagulants (NOACs) in patients undergoing CIED procedures.
Observational data suggest that both interrupted and uninterrupted NOAC treatment do not appear to be associated with excess bleeding or embolic complications compared with uninterrupted warfarin during the periprocedural period surrounding CIED implantation or revision. [14] [15] [16] [17] [18] However, these studies have included relatively small cohorts, focus mostly on dabigatran, and usually reflect single-center experience. There is much less clinical experience with oral factor Xa inhibitors. Current practice for managing NOACs during the periprocedural period is quite heterogeneous. 19 Given that AF is a common comorbid condition in many patients undergoing CIED surgery and NOAC utilization is increasing, there is a need for more evidence surrounding clinical outcomes of patients treated with NOACs who undergo device implantation or revision. 20 
Methods
The design and results of the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) study have been published previously. 21, 22 Briefly, ROCKET AF was a double-blind, double-dummy, international clinical trial that randomized 14 264 patients with nonvalvular AF at moderate-to-high risk for stroke to fixed-dose rivaroxaban or adjusted-dose warfarin (target international normalized ratio [INR], 2.0-3.0) for prevention of stroke and systemic embolism. The study protocol recommended stopping warfarin/placebo 4 days before a planned procedure and rivaroxaban/placebo 2 days before. The point-of-care INR was recommended to be ≤1.5 before proceeding with any invasive procedure. Bridging anticoagulation was allowed, but not mandatory. No specific recommendation was made in the study protocol regarding the time frame for resumption of anticoagulation postprocedure. All decisions regarding the timing of study drug cessation and resumption were ultimately left to the discretion of the managing physician. Because of the interest in the impact of actual treatment and outcomes, the on-treatment population (patients who received at least 1 dose of study drug and were followed for events while on study drug or within 2 days of last dose) was used for this study (N=14 236).
Definition of Device Procedures
Patients were included in the CIED cohort if they met either of the 2 following criteria: (1) underwent CIED implantation during the study or (2) had a device at the time of randomization and underwent a revision or replacement procedure related to the device (eg, generator replacement, lead revision, upgrade to cardiac resynchronization therapy, etc) during the study. For the purposes of this analysis, CIED refers to pacemakers, implantable cardioverter defibrillators (ICD), and cardiac resynchronization therapy devices. All procedures were at the discretion of the managing physicians.
Outcomes
Outcomes of interest were events within 30 days after the CIED procedure. The day of procedure was counted as day 1, and events were included regardless of whether the patients remained on study drug for the entire 30-day observation period. The primary efficacy end point was the occurrence of stroke (ischemic and hemorrhagic) or systemic embolism. Secondary efficacy end points included a composite of stroke, systemic embolism, vascular death, or myocardial infarction (MI); vascular death; and all-cause death. The primary safety end point was major or nonmajor clinically relevant (NMCR) bleeding as defined by the International Society on Thrombosis and Haemostasis. 23 Secondary safety end points included major bleeding, NMCR bleeding, and any transfusion. These outcomes were analyzed for the rivaroxaban versus warfarin groups as well as for continuous versus interrupted oral anticoagulation. For the purposes of this study, "continuous" oral anticoagulation means that no doses of the study drug were held or delayed. Time in therapeutic range (TTR) was also analyzed for the warfarin group at 30 and 90 days pre-and postprocedure and compared with the TTR for the study as a whole. TTR was calculated as the number of days with an INR between 2.0 and 3.0 (inclusive). INR values for days between measurements were imputed with the Rosendaal method. 24 Patients were included in the 30-and 90-day pre-and postprocedure categories only if they had actual or imputed INR values for at least two thirds of the days in question. For the preprocedure groups, patients were omitted if their procedure occurred too soon after randomization to provide a sufficient number of days of INR values. For postprocedure groups, patients were omitted if they stopped the study drug before the end of the period in question. Exclusions described in this paragraph apply to TTR summaries only.
Statistical Analysis
For description of rates of CIED-related procedures and baseline characteristics of patients who did or did not undergo CIED-related procedures, the cohort of all ROCKET AF patients who received study drug was used. For examination of 30-day postprocedure outcomes, the cohort of patients who underwent CIED-related procedures was used. Only procedures that occurred during the on-treatment period were counted. If a patient underwent more than 1 CIED-related procedure during the study period, only the first procedure was included in this analysis. Baseline characteristics were summarized as percent (frequency) for categorical variables and as medians with 25th and 75th percentiles for continuous variables, according to the occurrence of a CIEDrelated procedure and the randomized treatment assignment. For the comparison of patients who underwent CIED procedures versus those with no CIED procedure, continuous variables were compared with Wilcoxon rank-sum tests and categorical variables were compared with Pearson chi-square tests. Within the CIED procedure group, baseline characteristics and events rates for patients in the rivaroxaban arm were compared to those in the warfarin arm. Kaplan-Meier 30-day event rates were generated for outcomes. Because of the low event rates, no hypothesis testing was performed to compare these event rates among groups; these data are presented in a descriptive fashion only, without correction for postrandomization confounders.
The ROCKET AF study was coordinated by the Duke Clinical Research Institute (Durham, NC). The Duke Clinical Research Institute performed all statistical analyses independent of the sponsors of the trial. The study was designed by an international committee that took responsibility for the accuracy and completeness of the analysis. All appropriate national regulatory authorities and institutional ethical review boards approved the study; all patients provided written informed consent. All analyses were conducted using SAS software (version 9.3 or higher; SAS Institute, Inc, Cary, NC).
Results

Cohort Characteristics
ROCKET AF enrolled 14 264 patients, of whom 14 236 received at least 1 dose of study drug. At time of enrollment, 1713 (12.0%) patients had a CIED. During a median follow-up Figure 1 . Flow chart depicting all patients who underwent CIED procedures and exclusions from this analysis. *Patients not receiving study drug-at any time or after permanent discontinuation-were followed for efficacy events only. Other events were occasionally, but not systematically, recorded. Thus, 28 patients who never received study drug are omitted from the analysis, because both postimplant device status and safety (bleeding) events are unknown, and 4 patients who underwent a device-related procedure (replacement) after the end of study drug are omitted because (1) it is unlikely they are a complete accounting of device-related procedures during that period and (2) (37). Four device-related procedures that occurred after permanent discontinuation of the study drug were excluded from this analysis (Figure 1) . No other CIED implantation or CIED-related procedure was excluded from our analysis.
Patients who underwent CIED-related procedures were, on average, older, more often male and white, and more likely to have past MI, but had similar CHA 2 DS 2 -VASc scores compared to those who did not undergo CIED-related procedures ( Table 2 ). The rate of CIED procedures was highest among patients randomized in North America (7.2%) or Western Europe (3.5%), with lower rates in Eastern Europe (2.1%), Latin America (2.4%), and Asia/Pacific (1.2%). Baseline characteristics of those undergoing CIED-related procedures were similar regardless of treatment assignment (Table 3) .
Management of Anticoagulation During the Periprocedural Period
The majority of patients (341 [75%]) had study drug interrupted for the procedure; however, 112 (25%) patients who underwent procedures did not interrupt study drug. The number of patients undergoing CIED procedures on uninterrupted anticoagulation was similar in the warfarin (57) and rivaroxaban (55) groups. Most patients in whom oral anticoagulation was interrupted for the procedure (299 [66%]) did not receive bridging anticoagulation with a parenteral agent (Figure 2) . A small number (42) were treated with bridging anticoagulation, usually low-molecular-weight heparin. As expected based on protocol guidance, patients in the warfarin group were off oral anticoagulation longer, with the study drug stopped at a median of 5 (25th, 75th percentiles: 3, 6) days before and resumed at a median of 3 (1, 8) days after the procedure, compared to a median of 3 (2, 6) days before and 2 (1, 5) days after in the rivaroxaban group (Figure 2 ).
Time in Therapeutic Range
TTR for warfarin was calculated for 30 and 90 days pre-and postprocedure (Table 4) . TTR was markedly lower in the 30 days postprocedure versus 30 days preprocedure (43% vs 60%). The median TTR in the overall ROCKET AF trial was 58%, 25 which is comparable with the TTR for the 30 days preprocedure. Beyond the 90-day postprocedure period, the TTR was comparable with that of the study overall (60%).
30-Day Postprocedure Outcomes
Adverse events during the postprocedural period were rare in both rivaroxaban-and warfarin-treated patients (Table 5 ).
There were numerically more bleeding events in the warfarinversus rivaroxaban-treated patients (15 [ Incidence of stroke/systemic embolism (1.79% vs 0.59%) and major/NMCR bleeding (6.28% vs 5.57%) were low among patients who continued the study drug periprocedurally and in those in whom the study drug was interrupted (Table 6 ). Stroke/systemic embolism occurred in 0 patients who received bridging anticoagulation versus 2 (0.68%) who did not receive bridging. Major/NMCR bleeding occurred in 2 patients (4.82%) in the bridging group versus 17 (5.69%) in the nonbridging group. However, the bridged group was very small (42 patients), and patients with higher CHA 2 DS 2 -VASc scores were more likely to have bridging anticoagulation with low-weight-molecular heparin (Table 7) .
Discussion
In a clinical trial of more than 14 000 patients with nonvalvular AF and a relatively high prevalence of advanced cardiovascular disease randomly assigned to receive rivaroxaban or warfarin, 453 underwent CIED-related procedures (242 rivaroxaban group, 211 warfarin group). In this analysis, there were 2 major findings. First, there was substantial variation in the management of oral anticoagulation during the periprocedural period for CIED implantations and revisions. Second, the incidence of stroke or systemic embolism and bleeding events in the 30 days following the procedure was low in both the rivaroxaban and warfarin groups. There was substantial heterogeneity in the management of oral anticoagulation around the CIED procedures. The study protocol recommended stopping warfarin/placebo 4 days before and rivaroxaban/placebo 2 days before a planned procedure. On average, both drugs were held for longer preprocedure than recommended, but with considerable variability. There was also considerable variability in the time frame for resuming oral anticoagulation. There is not enough evidence currently available to make a firm recommendation on the optimal time frame for stopping rivaroxaban before a procedure, but the current recommendation to stop rivaroxaban 2 days in advance of a planned procedure seems reasonable until stronger evidence is available.
Adverse events were uncommon in all groups during the 30 days postprocedure. Rates of stroke/systemic embolism and bleeding complications were low in the rivaroxaban and warfarin groups and comparable with other reports of invasive procedures in patients maintained on oral anticoagulation, aside from a slightly higher than expected rate of periprocedural thromboembolic complications in the rivaroxaban group. Other analyses 11, [26] [27] [28] [29] have consistently reported periprocedural stroke/systemic embolization rates in the 0.3% to 0.7% range. This is consistent with the stroke rate in the warfarin group in this analysis (0.48%). The stroke rate in the rivaroxaban group was slightly higher (1.26%); however, this may be an artifact of the small numbers in this study; there were only 4 total thromboembolic events in our cohort. Two previous ROCKET AF analyses looking at permanent discontinuations of the study drug 27 and therapeutic interruptions from any cause 28 reported stroke/systemic embolism rates in the 0.3% to 0.7% range, which suggests that the higher stroke rate in the rivaroxaban group here may be a statistical anomaly attributable to small sample size. It seems unlikely that there is an increased stroke risk with interrupted rivaroxaban, but ideally this should be examined prospectively. There were numerically fewer major or NMCR bleeds in patients treated with rivaroxaban compared with warfarin (11 vs 15) . It is unclear whether the increased lability in INR during the immediate postprocedural period has any impact on event rates given the low event rates. These data argue against a major increase in bleeding risk with factor Xa inhibitors, but the relative bleeding risks of warfarin versus rivaroxaban in CIED procedures should be assessed in a prospective trial.
Although there were too few patients treated with bridging anticoagulation in ROCKET AF to comment on this strategy, the recent BRIDGE trial 29 found that unbridged warfarin was noninferior when compared with bridging with low-molecularweight heparin in a population of patients mostly at low-tomoderate vascular risk. There are currently no comparable data regarding NOACs and bridging with low-molecular-weight heparin. The shorter half-life of the NOACs compared with warfarin makes bridging anticoagulation less of a concern given that patients are not subtherapeutic on their anticoagulation for as long. Currently, there does not seem to be a compelling rationale for bridging patients on rivaroxaban; however, this is based largely on inference from the warfarin data. Ideally, this would be investigated in a prospective manner. Performing CIED procedures in patients on therapeutic warfarin is supported by the most robust evidence base and is the standard of care, [10] [11] [12] [13] 29 but there is limited evidence regarding procedures on continuous NOACs. Although this strategy has limited clinical experience, continuous rivaroxaban was used in 55 patients in ROCKET AF with few adverse consequences and low event rates. These data do not suggest a major increased risk with continuous rivaroxaban, but given the differences between the continuous and interrupted oral anticoagulant groups, this should be viewed as hypothesis generating. The results of Strategy of Continued Versus Interrupted Novel Oral Anti-coagulant at Time of Device 30 an upcoming open-label trial that will randomize patients with nonvalvular AF requiring a CIED procedure to continued or interrupted NOAC, will offer additional insight into this strategy. Performing CIED procedures on uninterrupted NOACs may turn out to be the superior strategy; however, at present there is insufficient evidence to support routine use of uninterrupted NOACs during CIED procedures. There are several limitations to this study. First, this was a post-hoc analysis with no adjustment for postrandomization confounders. If randomization to rivaroxaban versus warfarin changed the odds of needing a CIED, that would skew the results. Second, there was no specified time frame for resuming anticoagulation after a procedure, and the specified time frame for stopping before the procedure was not consistently followed. Third, patients likely to need a CIED may have had it implanted before enrollment in the trial, which would affect the generalizability to all CIED patients. Finally, and most important, the fairly small numbers of CIED-related procedures and the low rates of adverse events limit the power to detect a potentially significant difference in event rates.
Conclusions
Patients in ROCKET AF who underwent CIED implantation or revision while on rivaroxaban had low rates of stroke and bleeding. Although current evidence is too limited to make evidence-based recommendations, an interrupted and unbridged rivaroxaban strategy appears reasonable for patients maintained on rivaroxaban who require a CIED procedure. This was the strategy used in the majority of CIED procedures in the ROCKET AF trial and was associated with a low rate of adverse events. It is too early to say whether a continuous rivaroxaban strategy might be superior to interrupted rivaroxaban; that approach will have to be further evaluated in future prospective studies. These results do not suggest a safety difference between warfarin and rivaroxaban; however, they should be viewed as hypothesis generating. There are still many questions regarding the optimal strategy for managing factor Xa inhibitors around planned procedures. These questions should be studied in future prospective trials of factor Xa inhibitors in patients undergoing cardiac device placement, with more-defined rules for whether to use bridging anticoagulation and how long to hold the drug before/after the procedure.
